) FBERTAN & 25 2R AL 5 FHINT SCA A R R
KRS, X3R4, B4

IHASC:

KR &I, xge4e, HEaN. I FHBERTFIZE 25 ZEMWLHI Modt MHINT U AR BRI [J]. HEERGZFIR, 2024, 19(3): 719-727.
DI Jian, LIU Junhua, CAO Jingang. An improved HiNT text retrieval model using BERT and coverage
mechanism[J]. CAAI Transactions on Intelligent Systems, 2024, 19(3): 719-727.

R IE View online: hitps:/dx.doi.org/10.11992/tis.202201020

L] RERGBR A HAN S R
HE T RURAIE B T 477 T ) S A A ik

An algorithm for aspect-based sentiment analysis based on dual features attention—over—attention

BHER SR, 2021, 16(1): 142-151  hitps:/dx.doi.org/10.11992/tis.202012024
FETHREE . TF-IDFHIBERTA R {4 BLAIH R 24 2R 58

Winter Olympic Q & A system based on knowledge map, TF-IDF and BERT model
BHER SR, 2021, 16(4): 819-826  hitps:/dx.doi.org/10.11992/tis.202105047

—EE bR VE P A4 B RS PR OSCARK R T 1
Matching with agreement for cross—modal image—text retrieval

BHERGFR. 2021, 16(6): 1143-1150  https:/dx.doi.org/10.11992/tis.202108013
TRA PR RIS BEN LIRSS & 1 SCA S IR BT

Text sentiment analysis combining hybrid neural network and conditional random field

BIRERGEAR. 2021, 16(2): 202-209  https:/dx.doi.org/10.11992/tis.201907041
=L TR BENS Aiv > 1Y )ik BIARADE BE T %

Triplet deep Hashing learning for judicial case similarity matching method

I RE R G524 2020, 15(6): 1147-1153  hitps://dx.doi.org/10.11992/tis.202006049
MCHESURFRHIE 45 /R SCAE 24 SURY MR VL Bk 2R

Complex Uyghur document image matching and retrieval based on modified SURF feature

BHERG AR, 2019, 14(2): 296-305  https://dx.doi.org/10.11992/tis.201709014


http://tis.hrbeu.edu.cn/
http://tis.hrbeu.edu.cn/
https://dx.doi.org/10.11992/tis.202201020
https://dx.doi.org/10.11992/tis.202012024
https://dx.doi.org/10.11992/tis.202105047
https://dx.doi.org/10.11992/tis.202108013
https://dx.doi.org/10.11992/tis.201907041
https://dx.doi.org/10.11992/tis.202006049
https://dx.doi.org/10.11992/tis.201709014

5519 55 3 1 B OoRE R & % it Vol.19 No.3
2024 4E 5 H CAAI Transactions on Intelligent Systems May 2024

DOI: 10.11992/ti5.202201020
[ £& H AR 3B 3k : https://link.cnki.net/urlid/23.1538.TP.20230926.1452.002

) BERT 1 Z = F Y HI 3t 80 HINT XA FEE

12 . 1,2 1,2
S I U T £ )
(1. 2w A RF EHE5FEMNTAZZE, T EL 071003;2. AL RALFRITEXFTRIEMT PO,
b & E 071003 )

T E A SR T SO SR F BN B, AR SCEE N 2 i SRR 2R 28 A R A 1) N SCRY B AE DG B S BB AR
b figf TR SCAR G SO — 1) 22 SCAE [P R, 4 ) — i 25 T Bt 1Y) 43 )2 # 2 DL BC S 78 (hierarchical neural matching model,
HINT), 2R 5 %08 SO i) 25 A Bedi BOCBE 32 8U1R], 9K J5 JH ik 728 48 45 1) X [6] 25 A% ¢4 ( bidirectional encoder rep-
resentations from transformers, BERT ) 15 {4 45 15 fy 22> B8 2% 1 o SC 1) #, R R 5 ) T 35 2R ML A 199 = 950 DG i
J= AT A PR, (S ARE TR AT L AR AR SCRY Y SR A B R A R A SRy SO R B R AT R DGR TE L, B A A HE A
o ASCHR I R BIRIAE MS MARCO F1 webtext2019zh 348 45 [ 5 24K RARLHEAT XS Lh, HUAS T et 4 21, 5
E T AR SCHR AR Y ) A bk

SRR R T AR AR Y OB ) S B 4 5 A3 )R AR 2R DA AL A 55 RAIL SUARR R 5 1 EROR FRAEER G HAREE
AR FR AHALEE s 2R

HESES . TP31]  XEEERD: A XEHS . 1673-4785(2024)03—-0719-09

Har 5| AR KR AN, X384k, HRM. FI A BERT f1E = RS #E ) HINT XARFEE [J). B REFR, 2024, 193):
719-727.

F3 5| A1&3K: DI Jian, LIU Junhua, CAO Jingang. An improved HiNT text retrieval model using BERT and coverage
mechanism[J]. CAAI transactions on intelligent systems, 2024, 19(3): 719-727.

An improved HiNT text retrieval model using BERT and
coverage mechanism

DI Jian"?, LIU Junhua"?, CAO Jingang'”

(1. School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China; 2. Engineering Re-
search Center of Intelligent Computing for Complex Energy Systems, Ministry of Education, Baoding 071003, China)

Abstract: To effectively improve the accuracy of text semantic retrieval, an improved hierarchical neural matching
model is proposed, which can solve the problems of text ambiguity and polysemy when using text retrieval models to
measure the relevance of queries and documents. The model first extracts key subject words from each segment of the
document and then encodes them into multiple dense semantic vectors using the BERT model. Afterward, the local
matching layer introduced with the coverage mechanism is used for processing so that the model can calculate the cor-
relation according to the local segment-level granularity and the global document-level granularity of the document and
improve the retrieval accuracy. The proposed model is compared with multiple retrieval models on the MS MARCO and
webtext2019zh datasets, and the optimal results obtained verify the effectiveness of the proposed model.

Keywords: bidirectional encoder representations from transformers; hierarchical neural matching model; coverage

mechanism; text retrieval; semantic representation; feature extraction; natural language processing; similarity; multi-

granularity
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e
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() SCA RS BRAR Y B AR T 58 T4 i SUA f R A
A, 1E H#R1E 7 AL (natural language processing,
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XA 55 O IAT e PR RS2 ] 43 J2 P 48 DG T A
Y (hierarchical neural matching model, HiNT) /& —
s g 8 g SCA R R, R TR 2
B BT R, AR E R L L 2R AH O
. MREBFAGEERN, —HEZ XHE 57
i, B UA A HINT 578 I B AT 58 42 fif P ik 4 [n)
LSR5 sy 218

R PR HINT #5280 A9 2, 2 T4 98] F SOk
() AH DGR TH AR A 3, A SORE AN J2 AT etk
B0 HL B K o T I SR U R R G A ] 1
SCRIR AKE B Bk 5, A8 SCHHT BERT(bidirection-
al encoder representation from transformers) £& 711
A 1) S HER] R AT B ) B R R, X SORY O B 1) i
A RN, 5 AE R . £ MSMARCO
1 webtext2019zh $ 4 4 b, Uik AL R 7E 25 1 ¢
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I F G511 B RS AR Y R i S 12
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S E N A E A N R UE FE
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tured semantic models, DSSM) & %t F U AR L/ 1Y
M, B AR REA T2 n ., KA
SRR A 1 RN SCRY AR 7R o ] — 1 s [] A
[vi) 24 B %) o SC ), ) FH PR 3 8 4 % AR RUBRE T3
FHOCRE, S 2R MG P i SCRY R G o IR AR e
T A AR T i SCAS RS 28 TR B T AR B 1) BM25
Ay,

DSSM H1 3 24K, 7Bl AJZ | R ZH
VERC)Z o i A2 TR R X SCAAR B AL 3L, 4 i
U R SCAS B 4 A e A8 G B8 5 8 FH WS A 2 % (word
hashing) Fk 45 B 4k, 7 A= {8 T )5 22 40 31 1) 5 B9
WIIE . KR R A Z 7 R i TRAL B )
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A RIS, 4 CNN-DSSM™ Fl LSTM-DSSM"™ 4,

Guo 2" 2 1 ) DRMM #:%! (deep relevance
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Fig. 1 Overall structure of the original HiNT model
1.3.1 B3 ke &
JRy PR VG C 2 38 5 T A ) S SR T R B

B B A S PE DT BE, A2 i — H B e fm 5 . A
i*%/l D ﬁ%%‘%i‘j‘jgﬁ\ﬁil)n D=[P, P, -- PK],
Hrp kR RSO i B i B, SR, BEJUR Gk
%%EZ e, e - eK]FH @Eﬂ@ﬁfﬁ%%ﬁlﬁ]g$n
Xof by g B AR RRMBLRE A (B ™ A, G R =
o= f(P.Q), i=1,2--.K (1)
P 2 715 F DS B oK 80 f Y 3 o E ) R
HINT H 15152 /N0 B 11427 SRS, T
%5 8] GRU( gate recurrent unit) 47 VCE . JRIC
e J2 TR BN A 2 B,

RS [0 @ @

I-" i
GRU lilﬂ' /
(T T 11 N
T 'I; T HLOS
I T 3 T
|
I

|
D L R lLf- i +H

B2 BHMLERI/ERE
Fig.2 Local matching layer work schematic

JRy BB DE E J2= AR I B AL A X T4
SE A QRIS D, @ th M A 4 1) 4 0 =
(W@ W . W] D N A XK 4D =
[w(ID> w ... wﬁf)]o [F] i DFR 224~ B PA R, T
A B A E RN LAY, BP = [wi” w o W),
1) 22 1] AR ABLBE 1530 ] cosine 4% 52 AH AL RE 1155
A xor THEL LSS & 3ROR, 43 i A= 0 > A 8L EE
5 M R M, A I ) X LA 1 W
X 43 1 SCVE AR 5 FURS 6 DT e 5 5, 40 50 2 R =X
7

@ ypP
Mo =—_7 )
u Q) (P)
[w; ij |
-
Mo =y > Wi =W, 3
u {a oAty ®)

MR TCRY SR A S =[x, y, M)

Xy o0 S JEw @ Fiw'” 28 g A B B B 0 BEW,
FRih

x;=w@ W, (4)

yi=wl W, (5)

Z J5 B X WG A DT BC KB B 3 1 spatial GRU Ab

H, spatial GRU &l & T 235 [ {5 8 19 2 4k GRU,



519 % B OB A

S 1 «722 -

H 7o 1 72 b 3 a2 IR 25 00 4 i DG I 4
HS, LR, AT kAR L 2 LA Ty
Hy =g(He By B 087) ©
Hy =g Hoy, By Hosy) 0
SR — A RUZ IR S H 0 P A 1
FE AR 2253 spatial GRU AL 35 % 1, K & AT R
L2397 171 ) spatial GRU 4k 3 (1 th, Hegs, Fil Hgs,
e A1 A JR R 2 0 L e, 2 Sk B A
AT B E 1
e=||Hw | | Hno || ®
132 &RkFE
G R SR 2 15 BBUSUR  f BE , EA
HITE 354 LTS B I GHE
HINT i) 42 o e 5 260 TR 45 B 4 4 £, 04

HB VT IC 2 ) KA ) & 2 A JE 2 M ) )2 tanh 15
Fv, .

v, =tanh(W,e, +b,) 9)

[ B i A Bi-LSTM J22 3k 4l 2 3 28 [n] & 2 1]

B R 152 Ao H K-max pool J5ikAb v, Flh,, B

H A e RAB DA — & 5 i A 2 )2 AL (mul-

tilayer perceptron, MLP) 1, 75 31 55 2 Y AHALL 2 43+ 1H -

2 PrHEHy HINT 42 A

PR ) HINT #5085 4 8402, 0 ) S B &
PR BERT £ [n) i K7~ | 455 8 35 R AL 1Y
Jry S DT 2 e ) 4 SR e SR 2 o MO ) HINT
R R AR ZE R IR 3 s . HY FH™ 43 31 36 7R
Z5[A] GRU 7 8 f1 8™ L RJZ PR, §°° i 8™
A7 0 e 7 B 8 SOV CHE B M FIURS B DS IE 4 1
M A TCEY @A =4 5 5 4G

wiE | i wiba)
B a cos VEFCH I
— \
— \
- B wiE |y w \
— — .. \ s
— —_— N 15
N Z5 1)
% GRU
wird | i wlo |~ /// GilN
/|l
/1
.
K .
Wik | i Wi , xor PERCAFE
. /
O /
— 1 WO | Wi l | Wo r

3 BHEEHY HINT B8 B K454
Fig. 3 Overall structure of the improved HiNT model
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Table 1 Experimental environment configuration table

R TR A
CPU Intel(R) Core(TM) i7-10700 CPU @
2.90 GHz
GPU NVIDIA GeForce RTX 3070Ti/16GB
PERSE Ubuntu 16.04

¢ Python3.6, PyTorch, TextNet

23 Af Fl MS MARCO ™ F1 webtext2019zh %k
PEAE HEAT AT L 52 . MS MARCO J2 8.8x10° 4~ &
VLAY EE A, BEAS A UHR X L T30 43 A [R) A2 B AH O
B SCRS . MS MARCO £l 24115 300 J1 A4 1)
SCRY, YA & A ¥ 40 T AR, T A3E A S
KK AT 55 ., webtext2019zh S KRR & i 11 1Y
Fh& VA B 45, TR R 2% S AT, SCAR D
T RIS RE ) 25 EL A 1 2 MR, BT DL s 458
FHFAR SIS

BRI S HO7 T , 0 Adam o058 B, 2 2] &
4 0.001, Bt K/ 100, W1 R R DR 4, K
H 5 Pr28 B R AT B IE .



519 % B OB A

S 1 « 724 -

3.2 FEMIERR

AR SCAE FH A 7] % Recall A3 E50HES (mean
reciprocal rank, MRR) 1E A PEM F8 45 o

Recall: FEAS i (1) 1E 46145 1F 6 00 Y LL R, A
SCHCHT 50 #1000 [k R 45 R 115 .

MRR : $- 45 F 25 5L i I B R 2% 7 i HE 24 1) 45
BRI B i, Hoh, MR oRF- H E BHE 4
O J& AT HEL, ride S (A )07

M—1 1 16
n_E;; ( )

33 XPEEiRE

EjAR SRR AR FL A AR AN T
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R SCAYIRIA R, TS SCAS g AR ] ] DLAS
[] B A, B 5 BM25 4545

4) doc2query”®: JE T SCAY R H A BT B AR
R, BN AS SORYS 2 i AT B F 0 LA DG I AH
FAT ), AT R —1 Seq2Seq A= AU, K 2K
JEARTR, — g B B b e ELAR i K 2% 1Y) L A 2%
R 2R i

5) RepBertm]: KT XS L5 B9 BERT /E
“hy G g R 43 S A S A RN SRS B i R, 7
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Table 2 Results of each model on the MS MARCO dataset

Py MRR@10  Recall@50  Recall@lk
BM25 0.187 0.592 0.857
DSSM 0.177 0.441 0.883
DRMM 0.211 0.595 0.904

Co-PACRR 0.244 — 0.913
doc2query 0.215 0.644 0.891
DeepCT 0.243 0.690 0.910
RepBert 0.304 — 0.943
HiNT 0.301 0.744 0.931
AR 0.318 0.752 0.944

x3 EIEELE webtext2019zh HIEE PG R
Table 3 Results of each model on the webtext2019zh data-
set

AR MRR@10  Recall@50  Recall@lk
BM25 0.155 0.520 0.784
DSSM 0.160 0.525 0.788
DRMM 0.153 0.504 0.791

Co-PACRR 0.155 — 0.803
doc2query 0.150 0.517 0.813
DeepCT 0.188 0.582 0.821
RepBert 0.199 — 0.855
HiNT 0.206 0.639 0.883
AR AT 0.211 0.642 0.881

MF 2 A LA, BR T DSSM b, Ho Al AR A1 4R
Fe AL 58 1Y) BM25 J7 vk P B i, 3 2 BH {31 FH fAj 24
1) 2% 5% A LA BE A7 Fi A 300 R0 SRS % AH OC BE =& R T
1, A REREG BT 3CF B B DRMM #E R4 A fg
BSR4 Ao PERE s HINT #9432 AL L Co-PACRR
1 45 FLHL T 9 MRR@10 A1 Recall@1k 43 5] $2 T+
T 5.7% F1 1.8%, 1561 & 5 HE M i Hb 42 R A
4= JiFRE ; doc2query FT Co-PACRR 45 A% S A
R —E 2200, i e AL R BRPEAR K,
M LUTH bR ¢ SC, T AR RE IF AN 47 5 AR SO H A
RIFE MS MARCO ¥4 I L iR HINT 7 MRR@10,
Recall@50 il Recall@1k #5845 L 43l #2 7+ T 1.7%.
0.8% A1 1.3%, H F13ETF BERT ) RepBert 5 I 4
REAH L MRR@10 $2 T T 1.4%, i BAA SCHR H 1Y
T 55 R AL A B4 S 0 D TS RN 4 SR DR SR AL e
Sy, ff F BERT 7248 i 1) 17 B 28 f#% T RepBert JKf
FEA SRS B B — A3 X ) i N A i O U
BERMNE, B UEReH BRI

% 3 LU, A SCHE AR A AL T BM25,
£ MRR@]10, Recall@50 #il Recall@1k P-4 845 L
S RTET 5.6%. 12.2%. 9.7%, [al it AT L & B
] BERT #J DeepCT. RepBert, HINT FlI7 SCH2
ARSI AN B BERT f%) JHL Al A5 50 7 45 A 48 4 1
PETHEH ., UABH BERT AL AT 48 5% SCA I L RIR
PR THR RKE E . 7E webtext2019zh %4 4 |,
A SCHE H B R FE )R AR HINT £ MRR@10 Fll Re-
call@50 f8 45 4 B4 F+ T 0.5%. 0.3%, 7F Re-
call@1k F5F5_EMAIE T HINT, A, A SCHEH
) 3 A A A T O BB AT . 7 webtext2019zh
B4 AT B RUAR X T BM25 JE4k i35 A i
FEASIFE MS MARCO %4 4 B &, X 2 A
SRz B B P v BB e A%, SCARE S iR, AH
FFRLIE ) MS MARCO % s 5 Mk DL 4 BOH 8 X



« 725 81, %5 A BERT FI7E 35 RALHI Btk 19 HINT SCAKS 2 A5

%34

R
3.5 HEASEL

R T G B AT %A B AT R, AR SCHE
MS MARCO ¥ 4E Ll AT T 1H Al SL 5 . 3 fil 5
5 %oF AR AR A 45 HINT AN B =5 A G 4 3] 42
HEk itk (+top). {3f# A BERT 2ttt (+bert) . {X i
78 55 R ML Stk (+coverage) . {XH Bi-GRU i &
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Table 4 Results of ablation experiments on MS MARCO

dataset
BARIZFE  MRR@I0  Recall@S0  Recall@] 000
HiNT 0.301 0.744 0.931
+top 0.305 0.751 0.927
+bert 0.301 0.747 0.911
+coverage 0.315 0.748 0.945
+bigru 0.299 0.737 0.933
AR AT 0.318 0.752 0.944

M 4 7] LLF ), +bert 7E Recall@50 H HINT
BT T 0.3%, fH7E Recall@lk = FFET 2%,
+coverage 7E MRR@10 ., Recall@50 Fil Recall@1 000
Fe HINT AR S35 T T 1.4%., 0. 4% i1 1.4%, Ut
7 35 R AL Fb BERT 5 7R R X A 78 7= A
FEURR 2 ], 3K AT R A2 v T 50080 42 1) SRS 488 R AL
S, FLSOR R IR R BN, SCRY S
KR35 A5, R 2 ORI 8 R & oD iE 3R
o I 35 AL IS, A5 780 4 e R 4 15
Sh BT AR R JE A D i SO 8 TR A, AN AR B
B A AT Bi-GRU Uit 42 Rk )2, BARTE
S Aa bR 1WA B R, HE AT DL R Y T
B, A SO EAIYE MRR@10 T Recall@50
IKE T AL, 1M Recall@1k #6545 | 5 +coverage M
M A LAY B AR T A% 4 S R A Y 4
S, YA T A R

AR SCIA X6 S B2 %o A TR P R Y R R AT T
SR . MRS (12) F1 (14) W] R S 804500 1
S 7N R A S A BT, TR e R R
L, K6 Mk 5 B HINT B8 78 A5 59 R 2.
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AR 25 Y R, AR R TR L e 2
AR RN BRI AR 5 3O I
TR —E R, G OORTE A, D
I 280N s 2SO U %, BRI 2% EL
o A5 DAY 3 DG JSC R B I 2t B SCRRBLEE T e
AT B0, B A 20 i

1.1¢
0.944 0.913
0.9 10.811

0.752

0.7 I 0.633
0.694 0.527

HAR{E

0.5

i

0.318 0.311
0310215 L

0.1

2 4 6 8
EX(E)
R@50

6 BIEHRTE MS MARCO #IE& FRHE-EHTX

Fig. 6 Variation of each indicator with z value on MS
MARCO dataset
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